Introduction
associations with low SES and educational attainment have been found (Kiernan, 1997 ). Associations 52 between teenage fatherhood and problems at home and school, drug use and early onset of sexual 53 activity have been reported (Dearden et al., 1995 ; Thornberry et al., 1997) but for teenagers of both 54 sexes, birth of a child can mark a turning point towards more positive behaviours and maturity 55 (Duncan, 2007; Enderstein and Boonzaier, 2015) . 56
Many risk factors for teenage motherhood are shared with teenage pregnancy (Woodward et al., 57
2001; Imamura et al., 2007; Gibb et al., 2012) , however some factors influence only post-conception 58 reproductive decisions and so the strength of the relationship between teenage pregnancy and 59 motherhood rates can vary considerably among populations (Smith, 1993) . For example, variation in 60 pregnancy outcomes among areas in England may be due to varying policies on abortion provision 61 among health authorities (Diamond et al., 1999) . 62
Ecological studies have revealed higher rates of teenage pregnancy in deprived areas (McLeod, 2001 ; 63 Bradshaw et al., 2005) and risk increasing with distance to family planning clinics in some urban 64 areas (Diamond et al., 1999) . Family planning services may influence teenage pregnancy and 65 motherhood rates at the area level; GP practices with female or younger doctors have been 66 associated with lower teenage pregnancy rates (Hippisley-Cox et al., 1999). However, ecological 67 studies cannot distinguish whether variation in risk is due to population composition (the 68 characteristics of residents) or to features of the areas themselves. Rare multilevel studies have 69 found residual regional variation in teenage pregnancy risk after adjusting for household SES and 70 family structure (Finland) (Vikat et al., 2002) and elevated risks of teenage motherhood in some 71 urban areas whilst adjusting for area deprivation, individual and household factors (UK) (McCulloch, 72 2001) . 73
In this study, we develop a detailed picture of the risk factors for teenage motherhood, formally 74 testing whether area level deprivation and urban/rural residence are associated with teenage 75 motherhood risk independent of a wide range of individual and household characteristics. Rather 76 than relying on survey responses from a potentially difficult to reach demographic group, we used a 77 large scale linkage of birth records with Census records to investigate gradients of teenage 78 motherhood risk in Northern Ireland (NI) . 79
The social context surrounding teenage sexual behaviour and fertility differs between Northern 80
Ireland and Great Britain. In Northern Ireland, abortion is illegal unless it can be proven that the life 81 of the mother is at serious risk and so teenagers may travel to Great Britain to obtain an abortion. In 82 2014, 107 NI resident women under twenty obtained an abortion in England or Wales (Department 83 of Health, 2015) . The number of NI residents obtaining an abortion in Scotland is not reported in 84 official statistics as these women are frequently assigned a temporary postcode in Scotland for the 85 purposes of treatment (Information Services Division, 2016). 86
Although some denominations are in decline, religious affiliation is an important indicator of social 87 identity and churches retain a stronger influence on social norms especially regarding sexual 88 behaviour than would be observed in Great Britain. There are separate school systems 89 corresponding to the two dominant communities, the Catholic system and the state system that is 90 predominantly attended by Protestants. Catholic schools have traditionally placed a low emphasis 91 on contraception in the sex education curriculum (Rolston et al., 2005) , consistent with the strong 92 anti-abortion teaching of the Catholic Church. Opposition to abortion from both the Catholic Church 93 and conservative Protestant denominations is largely responsible for the continued ban on abortion 94 in NI. 95
To account for these features and to gain additional insight into underlying mechanisms we included 96 measures not previously used in studies of teenage motherhood. Current religious affiliation was 97 included as those with no religious affiliation might have lower risk of teenage motherhood due to 98 increased use of contraception and/or use of abortion services compared with those declaring an 99 affiliation. In addition to measures of SES based on parental occupation which reflect current 100 exposure to social environments, we used house value as a measure of accumulated household 101 wealth and indicator of cumulative exposure to these environments. Wealth may indirectly reduce 102 teenage motherhood risk by encouraging teenagers to delay childbearing to pursue education and 103 careers but may also have a direct influence by increasing the ability to travel to Great Britain to 104 obtain an abortion. 105
Rates of teenage motherhood have decreased in the UK over recent years, a trend that partially 106 reflects an increase in the proportion of pregnancies aborted; in England and Wales the proportion 107 of pregnancies aborted among the under 20s increased from 34.7% in 1994 to 44.6% in 2014 (ONS, 108 2016 Socio-economic status of the household was captured using four variables. Social class of the head of 149 household was based on the National Statistics Socio-Economic Classification (NS-SEC) (Rose and 150 Pevalin, 2002) and was used along with their economic activity (employed/inactive/unemployed). 151
The head of household was identified using a combination of variables. Lone parents were taken to 152 be head of household. In couple families, the partner with the highest level of economic activity was 153 head. If both had the same activity, the elder was selected or if both were the same age, the first 154 entered on the Census form was selected. If household members were unrelated, or there was more 155 than one family present, the same set of rules was used to select the head from among them. Access 156 to cars (none/one/two or more) was used along with a composite measure of housing tenure 157 (owner occupied/privately rented/social rented) and value (house value classified into five 158 categories if owner occupied). 
Analysis strategy

173
Teenage motherhood risk was estimated using logistic regression. A base model was fitted in which 174 spatial variation in teenage motherhood risk was modelled with a random effect for SOA as the sole 175 predictor. Unadjusted associations between explanatory factors and teenage motherhood were 176 assessed by comparing the fit of the base model with models including the factor as the only other 177 predictor using Akaike's Information Criterion (AIC) and Likelihood Ratio Tests. The model with the 178 minimum AIC from the candidate set is the best fitting and a commonly used rule of thumb is that 179 models with AICs four or more units greater than the minimum have substantially less support from 180 the data (Burnham and Anderson, 2004) . Adjusted estimates were obtained using multivariable 181 models including combinations of factors associated with teenage motherhood in the univariable 182 analysis. As the influences of individual and household factors on teenage motherhood risk may vary 183 along urban/rural gradients, two-way interactions with settlement band were also tested (in an 184 exploratory analysis a set of fixed effects models stratified by settlement band was fitted which 185 indicated the most plausible interactions to test). As a sensitivity analysis, a fully-adjusted model 186 excluding the car access variable was fitted to test whether its inclusion obscured any urban/rural 187 effects, as car access is known to be greater in rural areas for given levels of deprivation. 188
We conducted a secondary analysis to assess the associations between intergenerational factors 189 (cohort members' mothers' reproductive age and marital status) and risk of teenage motherhood, 190 using the subset of cohort members living with their mothers for which this information was 
Results
203
Of the 14,055 cohort members, 902 (6.4%) became mothers during a total of 49,327 person years at 204 risk, translating to an unadjusted rate of 18.3 births per 1000 person years at risk. Table 1 shows the 205 baseline characteristics of those that became mothers and those that did not. A slightly smaller 206 proportion of mothers had good general health than non-mothers but similar proportions in both 207 groups reported long-term limiting illness. Cohort distribution by religious affiliations was similar 208 across groups (Table 1) with the exception of those who classified themselves as 'other Christian' or 209 of no religion; a slightly larger proportion of mothers were of no religion than non-mothers but they 210 were half as likely to identify as other Christians. Mothers were substantially less likely to live with 211 both parents or to be from households where the head of household was employed. Mothers were 212 more likely to live in households where the head of household was in a lower status occupation, 213 accommodation was rented (especially social housing) or the household had no car (Table 1) . In 214 total, 76% of teenage mothers lived in rented accommodation or housing within the lower two value 215 categories, compared with 45% of non-mothers. Mothers were substantially more likely to live in 216 urban or the most deprived areas than non-mothers (53% of mothers lived in urban areas, compared 217 with 37% of non-mothers; Table 1 ). All factors were associated with teenage motherhood in 218 unadjusted models and were included in the multivariable models with the exception of long-term 219 limiting illness. 220
Individual measures 221 Table 2 shows estimated variation in teenage motherhood risk associated with individual and 222 household level predictors from both unadjusted and the best-fitting adjusted model (A -which also 223 adjusted for area level predictors). For most factors, adjustment reduced the magnitude of 224 associations with teenage motherhood risk. Following adjustment, cohort members who reported 225 no religious affiliation were at 42% increased risk of teenage motherhood compared with Roman 226
Catholics. There were no significant differences in risk between Catholics and those belonging to the 227 major Protestant denominations (Table 2 ). There was an indication that those identifying themselves 228 as 'other Christian' (primarily conservative Protestants) were at reduced risk relative to the 229 mainstream groups although uncertainty around the estimate rendered the comparison statistically 230 insignificant (Table 2) . 231
Household factors 232
There was a strong relationship between teenage motherhood and household SES though this varied 233 with the measure used. Unadjusted associations between teenage motherhood risk and economic 234 activity or social class of the head of the household were attenuated following adjustment such that 235 they were no longer statistically significant. The exception was where the head of household was in 236 a professional occupation, in which case risk of teenage motherhood was lower than for the 237 reference group (intermediate occupations). However, cohort members from households with two 238 or more cars remained at 41% decreased risk of teenage motherhood compared with households 239 with no cars. 240
House value and tenure, the novel measure of accumulated wealth, was associated with the largest 241 variation in teenage motherhood risk (adjusted OR range 0.25, 1.14 compared with 1.00, 1.98 for 242 employment based area deprivation). There was a pronounced decrease in teenage motherhood risk 243 with increasing house value; cohort members in households within the highest value category were 244 at 75% less risk than those in the lowest value category. Those in rented accommodation were at 245 similar risk to those in the lower two value categories. However, inclusion of house value did not 246 substantially alter the relationships between teenage motherhood and other household measures of 247 SES or individual level variables. With the exception of the effect for two or more cars, estimated 248 effect sizes from the fully adjusted model all lay within the 95% CIs from a model in which only the 249 conventional measures were included (Table 2, right hand column). This indicates that house value 250 represents a different dimension of SES to existing measures. 251
Area factors 252
There was additional variation in teenage motherhood risk associated with area of residence; 253 inclusion of area level factors in adjusted models significantly improved model fit (decrease in AIC 254 comparing model without area level factors, E with fully adjusted model, A, Table 3 ). There was a 255 strong positive association between employment deprivation and teenage motherhood risk in the 256 fully adjusted model (Table 4 ) and those in areas where the labour market was weakest were at 98% 257 increased risk of teenage motherhood relative to those in the least deprived areas. 258
Teenage motherhood risk was almost twice as high in urban than rural areas, though there was 259 evidence of an interaction between settlement band and family structure (better fit of model A 260
including interaction term than model B without interaction, Table 3 ). The proportion of cohort 261 members living with both parents decreased from rural to urban areas (85%, 70% and 65% in rural, 262 intermediate and urban areas respectively). For this group there was a gradient of increasing 263 teenage motherhood risk from rural to urban areas in unadjusted models but evidence for an 264 independent association following adjustment for other factors was weaker (Table 4, Figure 1) . 265
Those not living with both parents were at increased risk of teenage motherhood relative to those 266 living with both parents in all areas (Figure 1 (Figure 1) . 270
Sensitivity analysis indicated that inclusion of the car access variable did not obscure urban/rural 271 effects. Similar gradients were obtained from models including and excluding the variable (Table 4) . 272
In the best-fitting model, the standard deviation of the area (SOA) level random effects was 273 negligible (< 0.001) and so residual variation among SOAs contributes little to variation in teenage 274 motherhood risk compared with other factors. 275
Intergenerational factors
276
A total of 12,942 cohort members were living with their mothers of which 804 (6.2%) became 277 mothers themselves. The secondary analysis of this group indicated that mothers' age and marital 278 status were strongly associated with teenage motherhood risk of members in both unadjusted and 279 adjusted models (Table 5) . Following adjustment, members whose mothers were young (aged <20 at 280 birth of the cohort member) were more than twice as likely to become teenage mothers as those 281 with older mothers (aged 30 or older). Members with mothers who were separated, divorced or re-282 married were all at greater risk of teenage motherhood than those with married mothers. There 283 were no significant differences in risk between those with married mothers and those whose 284 mothers were single or widowed. Estimated associations with other factors were of similar 285 magnitude to those obtained from the primary analysis (all estimates from the secondary analysis 286 were within the corresponding 95% confidence intervals -not shown) indicating that these two 287 factors made an independent contribution to risk of teenage motherhood. 288
Discussion
289
This study demonstrates that area of residence is independently associated with risk of teenage 290 motherhood. This suggests that geographical variation in teenage pregnancy risk found in multiple 291
European area-based studies (Imamura et Although this study did not set out to explore the ways in which area factors influence teenage 296 motherhood, these findings offer some insights into potential underlying mechanisms. We recognise 297 that the associations reported are a conflation of the three main stages leading to teenage 298 motherhood (sexual activity, contraception and abortion). A possible mechanism by which area 299 deprivation may incur additional teenage motherhood risk is through the establishment of early 300 reproductive onset as a social norm (Arai, 2007) . This may occur in response to poor labour market 301 and career prospects, as under these conditions postponing family formation to invest time in 302 education and career establishment may have little perceived value. However, the area measure of 303 employment disadvantage was closely correlated with the equivalent measures of income and 304 education deprivation and high teenage motherhood rates may reflect fertility decisions in reaction 305 to shorter healthy life expectancies in deprived areas (Nettle, 2011) . Social norms may also explain 306 the lower levels of contraceptive usage found in the most deprived areas of Great Britain (Bentley et Our study had limitations. We were unable to investigate the influence of education on teenage 361 motherhood because cohort members were at varying educational stages on Census day. Also, 362 records were only available for births within Northern Ireland, excluding those who might have 363 emigrated or travelled to Great Britain or the Republic of Ireland to give birth, potentially leading to 364 underestimation of overall teenage motherhood risk. Any bias is likely to be small because the NI 365 population has relatively low rates of migration (Shuttleworth et al., 2013) and there are few 366 compelling reasons why residents should choose to travel to give birth. However, there may be 367 variation among social groups in propensity to travel (especially to Great Britain) to obtain abortions, 368 which are illegal in Ireland (both NI and the Republic, although there are specific exceptions when 369 the mother's life is at serious risk). Both the costs and the concept of travel beyond the immediate 370 locality are likely to act as significant barriers for those in the most deprived groups, potentially 371 contributing towards the elevated teenage motherhood risks for those with low household wealth. A 372 further drawback is that we were unable to determine at which of the stages (sexual behaviour and 373 contraception; propensity for abortion) a factor has the greatest influence on teenage motherhood 374 risk. Parallel analyses of risk factors for teenage pregnancy and teenage motherhood might further 375 disentangle these mechanisms and it is hoped that birth and pregnancy records for this population 376 will be available in future. 377
We used multilevel models to estimate the strength of associations between teenage motherhood 378 and factors operating at the individual, household and area levels. Our study had limitations 379 common to others in which Census tracts are used to measure area effects on health; tracts may not 380 cohere with actual boundaries of neighbourhoods or communities and derived measures such as the 381 MDM may not adequately represent underlying area factors that influence health (Riva et al., 2006) . 382
Care must be taken when interpreting multilevel models as they may not accurately represent the 383 relative causal influences of each level (Diez-Roux, 2007). For instance, residence in a particular area 384 for an extended time may alter the characteristics of its inhabitants and so variation associated with 385 area may be underestimated (and individual level variation overestimated) using multilevel models. 386
Conversely, inhabitants may be selected into areas based on individual characteristics that are also 387 related to the outcome of interest (Diez Roux, 2004 ). In our study the greatest potential for overlap 388 is between the household and area levels with households with only one parent or in social housing 389 more likely to be selected towards the poorest areas. A related issue is that house values are likely Tables   556   Table 1 Figures 583 Figure 1 . Predicted probability (%) of teenage motherhood by rurality and family structure. 584
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